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Protein Interactions
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Stochastic Ligand Binding
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...everything that living things do can be understood in
terms of the jigglings and wigglings of atoms.

Enzyme Activity
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Dynamics of Ligand Binding to Myoglobin®

RH Awtie, K. W Beeson, L. Eisessacin, H. Franenfelder.*
and 1. C Gunsales
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Protein Fluctuations and Ligand Binding
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Dynamics of Ligand Binding to Myoglobin®
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Chemotaxis in Escherichia coli analysed
by Three-dimensional Tracking

HOWARD C. BERG & DOUGLAS A. BROWN
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Run Length Distributions
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Ever-fluctuating single enzyme molecules:
Michaelis-Menten equation revisited

Briin 7 Eighh', Wk Min', Asswine M vas Oen' *, Kang Tark Low' 4, Guai L', Plampre Sun’*
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Regulation of Protein Activity
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On the Nature of Allosteric Transitions :
A Plausible Model

Jacgues Mowos, Jerrazes Wirstax axo Jeax Prexse Cuarosex
4. M BN (1985 K2, w-L18

“...Indirect interactions between distinct specific binding-sites...”
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Ligand Binding and Internal Equilibria in Proteins*
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Gunasekaran, Ma, & Nussinov 2004
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AP =7? Change in energy landscape upon ligand binding
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A protein is a “kicking and screaming ‘stochastic’ molecule”
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Ligand-Induced Bias
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of hexokinase dynamics amd
its modification om binding of glucose

Bermard Jucrot®, Stephen Camach®, Alert 1. Diamons !
& Doneid M. Engebmani
Noww Vol N0 & November 1992
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Threedimensional diffuse x-ray scattering from crystals

of Staphylococcal nuclease
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Structure-based Calculation of the Equilibrium
Correlation with

Folding Exploring the Energy Landscape of a §§ Hairpin
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Calculation of D, for Normal Modes Analysis of Allosteric Effects in Lysozyme

m Place tri-NAG ligand at various points on the surface of
3 & lysozyme
x=x,+ D (v =x,+ Da(v ysozy ,
=1 =) m Evaluate Dx at each point
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X D, is relatively large in functional sites of lysozyme
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H=H,-GH;G :V‘QQVT (Zheng & Brooks. Biophys J 2005)

5 Allostery in a nicotinic acetylcholine receptor
et al. & Karplus, Changeux. PNAS 2006
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Allostery in BPTI-trypsinogen

The propagation of binding interactions to remote sites in proteins:
of the binding of the monoclonal astibody
D13 1o lysozyme
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Conditions for Optimal
Coarse-Grained Models
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Improvement of a
Coarse-Grained Model
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Thermodynamic Interpretation of D,

Why is relative entropy (KL divergence) interesting in this case?

It has become fashionable in other studies but is often applied in an ad hoc
way

m In our case, D, has thermodynamic meaning as an allosteric free energy.
(Qian 2001)
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Free energy required to change the conformational distribution
of the protein from a ligand-free to a ligand-bound state

ME Wall. AIP Conf Proc 2006
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“Proof” of Thermodynamic Interpretation
p(x) efG(;)/kET
G(x) = E(x) - TS(x) + PV(x)
Dy, =ﬁfdx P’(x)[—G’(x) +G(x)+ kBTIn%]
ks TINZ =TS, -(G(x)), =-G;

Do kBT{GT G - fax P[4 - 6]}
f dx P'(x)InK (x)
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Normal Distributions
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Thermodynamics of Ligand Binding
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Thermodynamics of a Molecular Engine
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Interactions in Native Binding Sites Cause a Large
Change in Protein Dynamics

Dengming Ming' and Michae! E. Wal' ™
2 Mol Dot (2006) 358, 213223

Lysgzyme in complex Dynamics Perturbation Analysis
with NAG (1JEF)
nosA
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Analysis of Ligand-Binding Sites

m 305 proteins in GOLD test set

m Select DPA points within 6.0 A
of ligand

m PJ = Fraction of points in
protein k with D, value higher

than point |
_ "
m Total score Z = H R
leL
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Null Model

Probability of randomly obtaining a score z or smaller
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Significance of Elevated Values of D,

Interactions in native binding sites cause a
large change in protein dynamics
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Possible Implications for Protein Evolution

m Native, small-molecule binding sites evolve where interactions
cause a large change in the conformational distribution

m Are sites where interactions cause a large change in the
conformational distribution especially well-suited for controlling
protein activity?

m If so, then perhaps functional sites evolve at locations that are
well-suited for controlling protein activity
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Algorithm to Predict Functional Sites
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Typical Results

m Ligand and nearby residues 2
— Purple

m DPA cluster and nearby
residues
— Green

m Overlap between ligand
residues and DPA residues
— Orange

m Good recall

m Good precision

Kinase domain of CSK in
complex with staurosporine
(1BYG)
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Comparison to Cleft Analysis

m Ligand and nearby residues
— Purple

m Cleft surface mesh and
nearby residues
— Green

m Overlap between ligand
residues and surface mesh
— Orange

m Good recall

m Bad precision
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Recall and Precision

# of residues near ligand
# of residues predicted
. = # of predicted residues that are near ligand

R
Rp
R

S .3,80% -3, 68%

R /R Rev /R
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Null Model

R, = # of residues near ligand

Rg = # of surface residues

Rp = # of residues predicted

Rp~. = # of predicted residues that are near ligand

min(Rs, R, ) min(Rs, R, )
_ R /(R RIRI(Rs- R))
= 2 (S)/R) 2. wR-R
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Significance of Predictions
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DPA Applied to 50,000 Protein Domains

m 5020 DPA clusters with high oy
sequence conservation -
m 433 predictions with high f—
sequence conservation, and no e
match to PDB ligand or catalytic -
site -
m Predictions for 118 SCOP families
where automated transitive
annotation is possible
— Correct predictions for ligand-free N
structures
m  Predictions for 14 SCOP families
where literature search is required
- E.g. RBD from the pathogenic
FelLV-B :
= 79-81,98,100-104 r
= Trp101 previously postulated e

= Mediate receptor-cofactor
interactions?
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Summary

m Ligand binding alters the protein energy landscape
— “New view” of allostery

m Allosteric effects can be studied computationally using
Dynamics Perturbation Analysis (DPA)

m Methods of DPA can be used to improve coarse-
grained models of proteins

m Interactions in native binding sites cause a large
change in protein dynamics
— Possible implications for protein evolution

m DPA can be used to predict protein functional sites
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